The frequency and severity of human infections associated with Corynebacterium ulcerans appear to be increasing in different countries. Here, we describe the first C. ulcerans strain producing a diphtheria-like toxin isolated from an elderly woman with a fatal pulmonary infection and a history of leg skin ulcers in the Rio de Janeiro metropolitan area.
Human infections with Corynebacterium ulcerans, including diphtheria, may be fatal and usually occur in adults with close animal contact (Wellinghausen et al. 2002 , Lartigue et al. 2005 . Some cases have no association with a farming community or the consumption of raw milk products, which suggests other routes of infection (De Zoysa et al. 2005) . Patients may exhibit skin lesions that completely mimic cutaneous diphtheria or present as a tracheal-bronchial tree covered by pseudomembranes (Wagner et al. 2001 , Dewinter et al. 2005 . C. ulcerans infection may produce clinical syndromes in the lower respiratory tract (Dessau et al. 1995 , Nureki et al. 2007 ), occasionally associated with signs of systemic inflammatory response syndrome and disseminated intravascular coagulation (Wellinghausen et al. 2005) . C. ulcerans infections may occur in children previously immunized against diphtheria (Leek et al. 1990 ). Older urban adults may be also at risk for toxic complications due to waning immunity from remote or incomplete diphtheria immunization (Gubler et al. 1990 , Wellinghausen et al. 2002 . In some cases, it seems that C. ulcerans may induce severe infection in humans, depending on the immunological status of the patient rather than on the nature of the toxin (Lartigue et al. 2005) .
C. ulcerans may harbour lysogenic-corynephages coding for the diphtheria toxin (DT), which is responsible for most of the systemic symptoms of diphtheria.
theriae and C. ulcerans are different and independent from any association with pharyngeal or extrapharyngeal disease. In contrast to C. diphtheriae (Nakao et al. 1996) , unexpected sequence diversity in the tox gene has been observed among C. ulcerans human isolates. Independent of DT production, C. ulcerans was also found to produce clinical syndromes of the lower respiratory tract, such as pneumonia (Hommez et al. 1999 , Hatanaka et al. 2003 and pulmonary granulomatous nodules (Dessau et al. 1995) . Similar to non-toxigenic C. diphtheriae strains, which can also cause severe infections and have been considered an emerging infectious disease threat, the pathogenicity of C. ulcerans does not necessarily depend on the production of DT (Sing et al. 2003 (Sing et al. , 2005 . As a consequence of increased awareness of potentially severe C. ulcerans infections, the following case of human infection associated with C. ulcerans came to the attention of the Laboratório de Difteria of Universidade do Estado do Rio de Janeiro for further bacterial differentiation and DT determination.
On July 24th 2000, an 80-year-old woman living in the metropolitan area of Rio de Janeiro was admitted to a local hospital with coma, shock and acute respiratory failure. Immediately after admission, the patient was intubated and received hemodynamic as well as mechanical respiratory support. On physical examination, she was bradycardic (pulse rate ~60 bpm), hypotensive (90/60 mmHg), and hypothermic (34ºC). Auscultation of the chest revealed diminished breath sounds. She presented signs of dental infection, but cultures from dental infectious sites were not performed. She had easily bleeding skin and chronic bilateral limb ulcers, all of which were covered by a yellowish membrane ( Fig. 1 ). Her medical history was significant for receiving a diuretic for hypertension control and topic gentamicin treatment for at least one year for limb ulcers. From 4 -10 days before hospitalization, she had two syncopal episodes with no prodromic signs. Her immunization history for diphtheria was unknown. Blood, urine and bronchoalveolar lavage (BAL) samples and swabs from skin ulcers were obtained for microbiological analysis. Throat swabs were not taken. Chest X-ray on the first day showed bilateral pleural effusion (images not available). Bronchoscopy revealed an inflammatory process in left inferior bronchus. Computerized axial tomography (CT) confirmed large volume, bilateral pleural effusion (images not available), bronchopneumonia and alveolar collapses (atelectasis) in left lung base. ECG initially demonstrated a complete atrioventricular (3rd degree) blockade that reversed to atrial fibrillation after hemodynamic support. Echocardiogram showed moderate mitral insufficiency, normal ventricular function and bilateral atrial enlargement. Cranial CT scan showed parenchymal brain hemorrhage and microaneurysms. Abdominal ultrasound indicated presence of gallbladder calculus. Laboratory studies on the day of admission revealed anemia (3.6x10 6 mm 3 ) and leucocytosis with a left shift: WBC count of 16.9/mm 3 with 73% (12.333/mm 3 ) neutrophils and 9% (1.521/mm 3 ) band neutrophils. Serum concentration of C-reactive protein (CRP) increased from 8.4 mg/dl to 17.2 mg/dl during the first 48 h of hospitalization. The BAL specimen showed small grampositive rods within neutrophils resembling coryneform bacteria. Empirical parenteral antibiotic therapy was initiated with vancomycin, levofloxacin and amikacin. Cultures from the BAL revealed the presence of C. ulcerans while cultures from blood, urine and skin lesions were negative. On August 1st, antimicrobial therapy was directed to C. ulcerans: amikacin and vancomycin were interrupted; levofloxacin intravenous therapy was maintained, and oral erythromycin was initiated. Topical treatment and débridement procedures resulted in complete healing of skin lesions. Cardiorespiratory symptoms worsened, and the patient developed acute renal failure. She received blood derivates, ventilation support and hemodialysis. On August 5th, toxigenicity tests performed by immunological methods showed positive results for the C. ulcerans clinical isolate. Diphtheria antitoxin (DAT) was subsequently administered, and only levofloxacin therapy was maintained. Signs of a systemic inflammatory reaction persisted after serotherapy.
On August 8th, hepatic and biliary functions worsened, and the patient underwent a videolaparoscopic cholecystectomy. Although subsequent blood, urine and BAL specimens gave negative results, new antibiotic therapy was started with cefepime, trimethoprim-sulfamethoxazole and sulbactam/ampicillin. After August 14th, the patient's condition became progressively worse. Pulmonary, cardiologic, renal and neurological examination showed evidence of multiple organ failures. The patient died on August 17th, and no autopsy was performed. As C. ulcerans was found in both BAL microscopy and culture, it is highly feasible that this bacterium induced respiratory failure and a systemic inflammatory reaction. Efforts to confirm the diagnosis of C. ulcerans infection in skin lesions by culture were complicated by the initiation of antibiotic treatment before a culture specimen had been obtained.
The patient lived in the Rio de Janeiro metropolitan area but any association with a farming community, consumption of raw dairy products, close contacts with animals or traveling activity were unknown. The source of infection for this case was undetermined.
Our study identified possible delays in seeking health care, diagnosing the illness, and initiating appropriate therapy. Diagnostic delay due to the non-specific nature of presenting features (extrapharyngeal infection) and the unusual nature of the pathogen (C. ulcerans) possibly contributed to patient's death. Moreover, diphtheria toxoid made of inactivated C. diphtheriae toxin as well as DAT might be less efficient at preventing infection due to C. ulcerans than C. diphtheriae (Sing et al. 2003 (Sing et al. , 2005 .
Corynebacterium-like colonies were preliminarily characterized by Gram staining, colonial morphology, pigmentation and hemolysis and were identified by conventional biochemical assays and the semi-automatized API-Coryne System (BioMérrieux, Lyon, France) with system API web decoding (www.apiweb.biomerieux. com) (Mattos-Guaraldi & Formiga 1998 , Efstratiou & George 1999 ). The C. ulcerans clinical isolate was API Code 0111326 and was positive for catalase, urease, gelatinase, alkaline phosphatase and α-glycosidase. Nitrate, pyrazinamidase and esculin hydrolysis were negative. Fermentation tests were positive for glucose, maltose, ribose and glycogen. The presence of phospholipase D (Pld) was demonstrated by positive reverse CAMP test (i.e., inhibition of hemolysis by Staphylococcus aureus). Further bacterial identification was obtained by multiplex PCR assay targeting the 16S rRNA genes, rpoB and pld, as described previously (Pacheco et al. 2007 ). This methodology allowed for rapid and accurate differentiation of C. ulcerans from closely related microorganisms, such as C. diphtheriae and Corynebacterium pseudotuberculosis (Fig. 2) . Antimicrobial susceptibility was evaluated by the E-test (AB Biodisk, Solna, Sweden) as previously described (Martínez-Martínez et al. 1995) . S. aureus breakpoints established by CLSI/NCCLS were considered for penicillin G (Martínez-Martínez et al. 1995 , Sing et al. 2003 , Lartigue et al. 2005 , NCCLS 2005 ). The C. ulcerans clinical isolate was susceptible to imipenem, erythromycin, azithromycin, gentamicin, ciprofloxacin, rifampicin, tetracycline, chloramphenicol and vancomycin. Like previous studies with C. diphtheriae complex, this C. ulcerans clinical isolate showed moderate susceptibility to penicillin G (MIC 0.19 mg/l) and clindamycin (MIC 1.5 mg/l) (Coyle et al. 1979 , Gladin et al. 1999 .
DT production was evaluated by the immunological Elek and Immunochromatographic strip-ICS tests (ICS strips were gently offered by Dr K Engler and Dr A Efstratiou, PHLS, London) (Efstratiou et al. 1998 , Engler et al. 2002 . Microorganisms were evaluated by "gold standard" Vero cell cytotoxicity assays (Efstratiou et al. 1998) . PCR assays using primer sets for the C. diphtheriae tox gene were performed in triplicate based on protocols described elsewhere: Dt1, targeting fragment A (nt 43-294) (Pallen et al. 1994 ); Dipht5 and Dipht7, targeting fragment B (nt 765-1032 and nt 1237-1525, respectively) (Nakao et al. 1996) . Similar to some isolates of C. diphtheriae (Bonnet & Begg 1999) , C. ulcerans (Sing et al. 2003 , Lartigue et al. 2005 ) may contain the tox gene without expressing biologically active DT. The geographical distribution of such strains remains unknown. In Europe, strains of C. ulcerans producing a DT-like toxin with differences within the B fragment (translocation and receptor binding domains) were related to diphtheria (Lartigue et al. 2005 ) and extrapharyngeal (deep skin ulceration on lower limb) human infections (Sing et al. 2003 (Sing et al. , 2005 . The results of toxigenicity tests of this C. ulcerans human isolate were as follows: presence of DT gene by PCR, negative Elek test and slightly positive ICS. Moreover, the undiluted bacterial supernatant was unable to kill HeLa cells. Current results of toxigenicity tests are summarized in the Table. The C. ulcerans human isolate (809) showed positive and weak-positive results in the Elek and ICS tests, respectively. However, further evaluation of cytotoxicity by Vero cell assay showed the undiluted bacterial supernatant of the C. ulcerans 809 clinical isolate was unable to kill Vero cells. Conversely, the supernatant of the C. ulcerans CDC-KC279 control strain was toxic to the Vero cells at a titer of 1:5,120. The cell killing effect of both toxigenic C. ulcerans CDC-KC279 and C. diphtheriae CDC-E8392 control strains was completely inhibited by the addition of DAT (0.01IU/ml).
For the C. ulcerans 809 strain, the PCR test for detection of tox gene of C. diphtheriae using the Dt1 primer set (targeting fragment A) was negative whereas Dipht5 and Dipht7 primers sets (targeting fragment B) gave positive results (Fig. 3) . Therefore, the C. ulcerans 809 human isolate produced a DT-like toxin with differences in fragment A and lack of toxic effect to Vero cells. These findings can partially explain the absence of typical clinical signs of DT, such as myocarditis and peripheral nerve damage.
Although diphtheria is thought to be declining in Brazil, only 30% of healthy individuals are fully protected against diphtheria in Rio de Janeiro, which indicates that the lack of immunity in older (> 18 years old) individuals remains a cause for concern (Damasco et al. 2005) . The present case illustrates (i) C. ulcerans human infection may also occur in urban areas of developing countries where diphtheria remains endemic; (ii) C. ulcerans that produce diphtheria-like toxin may cause skin infections mimicking classical cutaneous diphtheria, thereby potentially providing a source of bacteria capable of causing life-threatening disease in the patient's environment; (iii) a better knowledge of taxonomy of coryneform bacteria, better identification schemes, greater awareness among clinicians and microbiologists of the importance of these microorganisms certainly will lead to an increased number of reports. In summary, we characterized the first case of C. ulcerans associated with human infection in Brazil. This is one of the few cases to report slight differences in the DT produced by a strain of C. ulcerans. Pacheco 
